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ABSTRACT
We present ASCA observations of the Seyfert 1 galaxies Mrk 1040 and MS 0225.5+3121.
Mrk 1040 was found to have decreased in ux by almost a factor of 4 since an EXOSAT
observation 10 years ago. The energy spectrum of Mrk 1040 displays complexity both
at soft energies (below 0.8 keV) and at hard energies (6{7 keV). The latter is readily
interpreted as uorescent K emission from cold iron expected when the primary X-ray
source illuminates cold optically-thick material. This line is both broad (with FWHM
16000{70000 km s
 1
) and strong (equivalent width  550 250 eV) suggesting that
it originates from material close to the compact object with non-solar abundances.
Abundance eects on the equivalent width of such a line are investigated via Monte
Carlo simulations. We nd that strong lines can be produced with physically plausible
abundances. The eect of abundances on the associated reection continuum is also
discussed. The soft spectral complexity implies either a strong soft excess together with
intrinsic absorption, or a complex absorber. Various models for the nature of such a
complex absorber are discussed. MS 0225.5+3121 shows no evidence for any variability
and has a spectrum that is well described by a power law with Galactic absorption.
Key words: galaxies:individual:Mrk 1040, galaxies:individual:MS 0225.5+3121, galax-
ies:Seyfert, X-rays:galaxies, line:formation
1 INTRODUCTION
X-ray observations of active galactic nuclei (AGN) probe the
innermost regions of the central engine. Temporal and spec-
tral studies in the X-ray band can provide direct information
on the physical state and geometry of matter in AGN as well
as indicate the primary high-energy emission mechanisms.
Much of our understanding in this eld has come from the
investigation of nearby, X-ray bright, Seyfert 1 galaxies.
To a rst approximation, the energy spectrum of these
objects is described by a power law. Deviations from a power
law are interpreted as being due to X-ray reprocessing by
matter in the immediate environment of the central engine.
EXOSAT and Ginga observations of nearby Seyfert 1 galax-
ies found evidence for the uorescent K-shell emission (at
6.4 keV) and absorption from cold iron (Nandra et al. 1989;
Matsuoka et al. 1990) expected from the X-ray illumination
of cold, dense material in the central engine (Guilbert &
Rees 1988; Lightman & White 1988; George & Fabian 1991;
Matt, Perola & Piro 1991). In addition, Ginga found spectral
attening above 10 keV associated with the accompanying
reected continuum (Nandra, Pounds & Stewart 1990; Nan-
dra & Pounds 1994). Ginga also found many Seyfert 1 galax-
ies to have an absorption edge corresponding to partially-
ionized iron (Nandra & Pounds 1994). This was taken to be
evidence for partially-ionized, optically-thin material along
the line of sight to the central X-ray source, material that
has become known as the warm absorber (Halpern 1984).
Theoretical aspects of such material are discussed by Net-
zer (1993), Krolik & Kriss (1995) and Reynolds & Fabian
(1995). Clear evidence for the warm absorber was provided
by ROSAT Position Sensitive Proportional Counter (PSPC)
spectra which show the presence of warm oxygen absorption
edges (Nandra & Pounds 1992).
ASCA (Tanaka et al. 1994) has made major advances in
the study of AGN (Matsuoka 1994). The superior spectral
energy resolution of the solid-state imaging spectrometer
(SIS) allows X-ray spectral features to be accurately identi-
ed and measured. ASCA observations of MCG 6 30 15
clearly resolved and separated the Ovii and Oviii K-shell
absorption edges, thereby conrming the warm absorber hy-
pothesis (Fabian et al. 1994). The warm absorber was also
seen to vary both between observations and during individ-
ual observations (Fabian et al. 1994; Reynolds et al. 1995).
This short term variability, together with the lack of ux-
correlated changes in the inferred ionization state of the
warm absorber, requires us to abandon simple one-zone equi-
librium models for the absorbing matter. Instead, we must
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consider inhomogeneous and/or dynamic, non-equilibrium
warm absorber models (Reynolds & Fabian 1995; Reynolds
et al. 1995; see also Krolik & Kriss 1995).
Mrk 1040 (NGC 931; z=0.016) is a Seyfert 1 galaxy in-
cluded in the EXOSAT spectral survey of Turner & Pounds
(1989). The EXOSAT spectrum was well described by a
power law with photon index   = 1:720:21 and a cold ab-
sorbing column density of 3:5
+2:7
 1:9
 10
21
cm
 2
(the Galactic
absorption in the direction of Mrk 1040 is 7:2  10
20
cm
 2
;
Elvis, Lockman & Wilkes 1989). Signicant absorption from
the interstellar medium (ISM) of the host galaxy may be ex-
pected due to the high inclination of the host galaxy (Am-
ram et al. 1992). The inferred intrinsic (i.e. unabsorbed) 2{
10 keV luminosity is 2:3 10
43
erg s
 1
for the EXOSAT ob-
servation (taken in 1984; throughout this paper it is assumed
that H
0
= 50 kms
 1
Mpc
 1
and q
0
= 0). Mrk 1040 was
also observed by the Einstein Imaging Proportional Counter
(IPC) in 1980 and displayed a similar luminosity (Wilkes et
al. 1994). No pointed Ginga or ROSAT observations of this
source have been made. ASCA observations were proposed
in order to investigate details of the low-energy absorption.
MS 0225.5+3121 was discovered by the Einstein Ob-
servatory Extended Medium Sensitivity Survey and opti-
cally identied as a Seyfert 1 galaxy (z=0.058) by Stephens
(1989). Being 15 arcmins from Mrk 1040, it is in the same
ASCA gas imaging spectrometer (GIS) eld of view.
The present paper describes an analysis of ASCA obser-
vations of Mrk 1040 and MS 0225.5+3121. Section 2 briey
describes the observations. Section 3 presents the tempo-
ral and spectral analysis for Mrk 1040. We demonstrate
the presence of spectral complexities both at soft energies
(< 1 keV) and hard energies (between 6{7 keV). Possible
interpretations of these complexities are discussed. The in-
vestigation of MS 0225.5+3121 is given in Section 4. Section
5 provides a summary of the important results and implica-
tions.
2 OBSERVATIONS
Mrk 1040 and MS 0225.5+3121 were observed by ASCA
on 1994 19/20 August. Both SIS and GIS data were ob-
tained for Mrk 1040 whereas only GIS data were obtained
for MS 0225.5+3121 due to the restricted SIS eld of view.
The SIS data were cleaned in order to remove the eects
of hot and ickering pixels and subjected to the following
data-selection criteria : i) the satellite should not be in the
South Atlantic Anomaly (SAA), ii) the object should be at
least 7 degrees above the Earth's limb, iii) the object should
be at least 25 degrees above the day-time Earth limb and
iv) the local geomagnetic cut-o rigidity (COR) should be
greater than 6 keV. The GIS data were cleaned to remove
the particle background and subjected to the following data-
selection criteria : i) the satellite should not be in the SAA,
ii) the object should be at least 7 degrees above the Earth's
limb and iii) the COR should be greater than 7 keV. SIS and
GIS data that satisfy these criteria shall be referred to as
`good' data.
After the above data selection, there are 18 900 s of good
data per SIS detector and 20 700 s of good data per GIS de-
tector. Images, light curves and spectra were then extracted
from this good data for each of the four instruments (two
Figure 1. Integrated GIS2 image (20 700 s of data). Emission
from Mrk 1040 (lower-left) and MS 0225.5+3121 (upper-right)
is clearly detected and is consistent with point-like sources. The
co-ordinates are equinox 2000.
SIS and two GIS). To enable 
2
tting, spectra are binned so
as to have a minimum of 20 photons per energy bin (thereby
ensuring Gaussian photon statistics in each energy bin).
Fig. 1 shows the GIS2 image for this observation.
Mrk 1040 and MS 0225.5+3121 are clearly detected. Fur-
thermore, these are the only sources in the GIS eld of view
with a positive detection. There is no evidence for any ex-
tended emission from either of these sources. Table 1 gives
average values for the SIS count rate, GIS count rate, back-
ground count rates, 2{10 keV ux and 2{10 keV luminos-
ity for both Mrk 1040 and MS 0225.5+3121. For both the
SIS and GIS, counts have been extracted from a region of
5 arcmins radius centred on the appropriate source. Only a
negligible fraction of the source counts will lie outside of this
extraction radius.
3 TEMPORAL AND SPECTRAL ANALYSIS
OF MRK 1040
3.1 Temporal analysis
No evidence was found for variability in the ux from
Mrk 1040 during the 12 hr period of the ASCA observa-
tion. However, a comparison of Table 1 with the results of
Turner & Pounds (1989) reveals a signicant decline in the
2{10 keV luminosity from 2:3 10
43
erg s
 1
(epoch 1984) to
5:9 10
42
erg s
 1
(epoch 1994) [Note that both of these av-
erage luminosities are determined to within 2 per cent.]
3.2 Spectral analysis
Spectra for Mrk 1040 were extracted from each of the four in-
struments on board ASCA. Background spectra were taken
from source free regions of the same eld of view. For each
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Observational
Parameter Mrk 1040 MS 0225.5+3121
SIS0 source count rate (cts s
 1
) 0:133 0:003 no SIS data
GIS2 source count rate (cts s
 1
) 0:111 0:002 0:039  0:001
SIS0 background count rate (10
 4
cts arcmin
 2
s
 1
) 6:5 0:3 6:5 0:3
GIS2 background count rate (10
 4
cts arcmin
 2
s
 1
) 1:74 0:04 1:7 0:04
F
2 10 keV
(10
 12
erg cm
 2
s
 1
) 5:1 0:1 1:8 0:1
L
2 10 keV
(10
42
erg s
 1
) 5:9 0:1 25 2
Table 1. Average SIS0 count rates, GIS2 count rates, the 2{10 keV ux F
2 10 keV
and the 2{10 keV luminosity L
2 10 keV
(not corrected
for absorption) for the ASCA observation of Mrk 1040 and MS 0225.5+3121. For Mrk 1040, spectral model B (from Table 2) is used to
compute the ux and luminosity. For MS 0225.5+3121, the best-tting spectral model of Section 4.2 is used.
Model Best-tting model parameters 
2
/dof
A PL + Gal ABS   = 1:20 0:03 529/371
B PL + Gal ABS N
H
= 2:6
+0:7
 0:4
 10
21
cm
 2
384/370
+ABS   = 1:54
+0:07
 0:04
C PL + Gal ABS N
H
= 3:6 0:8 10
21
cm
 2
369/368
+ ABS + BB   = 1:63
+0:07
 0:08
k
B
T = 66
+11
 36
eV
D PL + Gal ABS   = 1:66 0:08 367/366
+ par ABS N
H
= 5:3 1:3 10
21
cm
 2
f = 0:81 0:06
E PL + Gal ABS   = 1:60
+0:08
 0:07
357/366
+ var ABS N
H
= 1:2
+0:4
 0:3
 10
21
cm
 2
Z = 15  4
F PL + Gal ABS   = 1:54
+0:06
 0:04
355/366
+ WARM N
W
= 4:4
+0:7
 0:9
 10
21
cm
 2
 = 9:0
+5:0
 3:5
erg cms
 1
Table 2. Results of spectral tting for ASCA data of Mrk 1040. Fitting was performed to data from all four ASCA detectors simulta-
neously. Abbreviations are as follows; PL=power law (photon index  ), BB=Black-body (temperature T), Gal ABS=Galactic (neutral)
absorption, ABS=intrinsic neutral absorption with solar abundances (column density N
H
), par ABS=intrinsic neutral absorption with
only partial covering of the primary source (covering fraction f), var ABS=intrinsic neutral absorption with the abundance of iron/nickel
as a free parameter (hydrogen column density N
H
, iron/nickel abundance Z relative to solar) and WARM=intrinsic ionized (`warm')
absorber (column density N
W
and ionization parameter ). All errors are quoted at the 90 per cent condence level for 1 interesting
parameter, 
2
= 2:7.
SIS, the background data were taken from a 45 arcmin
2
re-
gion towards the edges of the chip. For each GIS, the back-
ground data were taken from a 450 arcmin
2
source free re-
gion. All counts were corrected for vignetting. Spectral t-
ting of various models was then performed using all four
background subtracted spectra simultaneously.
Table 2 summarizes the results of the spectral tting
for Mrk 1040. A model consisting of a simple power law
modied by Galactic cold absorption (assumed to be of solar
abundances) is a poor description of the data with 
2
=
529 for 371 degrees of freedom (dof). Allowing the column
density of cold absorbing material to be a free parameter
leads to a highly signicant improvement (at more than 99.9
per cent condence) in the goodness of t (
2
= 384 for 370
dof) and indicates a large amount of intrinsic absorption
within Mrk 1040. The derived photon index and cold column
density are consistent with the EXOSAT result of Turner &
Pounds (1989). Fig. 2 shows the data compared with this
model (model B in Table 2). It can be seen that additional
(unmodelled) spectral complexity exists both at soft energies
(below 0.8 keV) and at hard energies (6{7 keV).
3.2.1 Soft spectral complexity
The failure of the simple absorbed power law (model B) to
explain the soft spectrum leads us to consider more compli-
cated models. Detecting absorption edges would be a valu-
able way of investigating the nature of an intrinsic absorber.
Unfortunately, the unexpectedly low-luminosity of Mrk 1040
(and thus the reduction in the number of photons detected)
prevents us from clearly dening such absorption edges. In-
stead, we must attempt to model the general behaviour of
the soft spectrum.
We consider four additional models (detailed in Ta-
ble 2). The rst (model C) consists of a power law spectrum
with a soft excess (modelled as a black-body) absorbed by
neutral material. The other three models (D, E and F) all
assume only a power law primary spectrum modied by var-
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Figure 2. ASCA SIS0 (plain crosses) and GIS2 (crosses with
squares) spectrum for Mrk 1040. SIS1 and GIS3 were used for
spectral tting but have been omitted for clarity of presentation.
1  errors are shown. Also shown is a model consisting of a pri-
mary power law with photon index   = 1:54 absorbed by neutral
material with column density N
H
= 3:310
21
cm
 2
. Subtracting
the absorbing column expected from the Galaxy, an intrinsic ab-
sorbing column density of N
H
= 2:6 10
21
cm
 2
is inferred. The
bottom panel shows the deviations of the data from the model.
Note the discrepancies between the model and the data below
0.8 keV and between 6{7 keV. These are extensively discussed in
the text.
ious types of absorption. Model D supposes absorption by
neutral material that only covers a fraction f of the primary
X-ray source, model E has absorption by neutral material
with variable iron abundance and model F has a warm (ion-
ized) absorber (using the warm absorber models of Fabian
et al. 1994 and Reynolds & Fabian 1995). Table 2 demon-
strates that model F best describes the data (
2
= 355 with
366 dof). Models C, D and E also provide good ts to the
data with 
2
=369, 367 and 357 respectively (for 366 dof
each). Each of four these models is a statistically signi-
cant improvement at the 99.9 per cent level (according to
the F-test; Bevington 1969). However, there is no statistical
preference between models.
3.2.2 Hard spectral complexity : the iron line
Spectral complexity in the 6{7 keV range is expected from
the uorescent K-shell emission of iron. To model such an
emission line, a Gaussian with mean energy E and width 
(in the rest frame of Mrk 1040) was added to the models
B, C, D, E and F of Table 2. The resulting spectral ts are
shown in Table 3. We note that the energy resolution of the
ASCA SIS at these energies is  150 eV.
These ts show that the addition of such a line is highly
signicant according to the F-test (Bevington 1969), with

2
> 20 in each case (for three additional degrees of free-
dom). Such a reduction in 
2
is signicant at the 99 per cent
level (Bevington 1969). Irrespective of the base model used,
the line energy is in good agreement with that expected from
the K-shell uorescence of cold iron. The addition of the line
also increases the best-tting photon index   to values more
typical of other Seyfert galaxies. Another robust result is
that the line is broad, with  constrained to lie within the
range 0.14{0.60 keV. If due to Doppler shifts, the corre-
sponding FWHM velocities would be 16 000{70 000 kms
 1
.
This is more than an order of magnitude greater than opti-
cal/UV broad lines which have a FWHM of  1 600 kms
 1
(Osterbrock & Shuder 1982). These large velocities imply
that the X-ray line emitting material lies close to the central
compact object, probably in the form of an accretion disk.
The line is strong with an equivalent width 550250 eV (a
slab of material with solar abundances, as dened by Mor-
rison & McCammon 1983, subtending 2 steradians at the
X-ray source would give rise to a uorescence iron line with
EW150 eV; George & Fabian 1991). Taken at face value,
this would imply iron abundances signicantly in excess of
the solar value, a possibility which is discussed below in de-
tail.
The possible presence of a reection continuum has also
been investigated. This would be expected to create a spec-
tral attening at high end of the ASCA band. However, the
addition of such a reected continuum was not a signicant
improvement (
2
< 3) and did not aect the other param-
eters of the spectral tting in any signicant way.
3.3 Discussion
3.3.1 Cold and warm absorption
The soft complexities in the ASCA spectrum of Mrk 1040
lead us to consider one of the four following scenarios;
(i) The presence of a strong soft excess with a intrin-
sic neutral absorbing column density of N
H
= 3:6
+0:7
 0:4

10
21
cm
 2
(model C).
(ii) A high column density (N
H
= 5:31:310
21
cm
 2
)
of absorbing neutral material covering only f = 0:81  0:06
of the primary X-ray source (model D).
(iii) Absorption by neutral material (N
H
= 1:2
+0:4
 0:3

10
21
cm
 2
) which is over-abundant in iron/nickel by a factor
of Z = 15  4 relative to the lighter elements (model E).
(iv) Absorption by ionized material (i.e. warm absorp-
tion) with column density N
W
= 4:4
+0:7
 0:9
 10
21
cm
 2
and
ionization parameter  = 9:0
+5:0
 3:5
erg cm s
 1
(model F).
Each of these models provides a (statistically) satisfac-
tory description of the present ASCA data. Thus, these data
alone are not able to distinguish between these models. To
proceed further we must examine the constraints imposed
by observations at other wavelengths and investigate the
physical plausibility of the various models.
Signicant quantities of neutral gas along the line of
sight to the active nucleus may reveal its presence through
the reddening eect of associated dust at UV/optical
wavelengths. The broad-line Balmer decrement H/H for
Mrk 1040 is 6.2 (Rudy 1984). Assuming case-B recom-
bination, the intrinsic (unreddened) Balmer decrement is
2.85 and corresponding extinction (Ward et al. 1987) is
E(B V)=0.63. The further assumption that the gas-to-dust
ratio takes on the local (Galactic) value gives a column den-
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Base Model   E (keV)  (keV) EW (eV) 
2
/dof
B 1:64 0:08 6:41 0:15 0:29
+0:18
 0:15
500  200 361/367
C 1:75 0:11 6:41 0:15 0:33
+0:20
 0:15
550  250 342/365
D 1:80 0:10 6:41 0:14 0:35
+0:20
 0:15
650
+250
 300
338/363
E 1:71 0:10 6:41 0:17 0:33
+0:22
 0:16
580
+200
 220
332/363
F 1:66
+0:11
 0:10
6:42 0:17 0:35
+0:25
 0:17
600
+300
 250
341/363
Table 3. Results of adding a Gaussian emission line to the spectral ts of Table 2. Shown here is the base model (i.e. model from Table 2
to which Gaussian line was added),   for the underlying power law of the new best-tting model, line energy E, line width , equivalent
width EW and the goodness of t. All errors are quoted at the 90 per cent condence level for one interesting parameter, 
2
= 2:7.
sity of N
H
 3:5  10
21
cm
 2
(Burstein & Heiles 1978).
Thus, the large Balmer decrement is consistent with sig-
nicant intrinsic absorption by cold gas at the level of 3{
410
21
cm
 2
. This would tend to support models C and D
(we note in passing that the strong big blue bump implied by
model C does not violate the observed UV limits). However,
it is recognized that the broad-line Balmer decrement is a
poor indicator of the reddening due to its uncertain intrin-
sic (unreddened) value. The eects of collisional excitation
and strong X-ray heating in the broad-line emitting gas can
change the intrinsic Balmer decrement from the case-B value
towards the value appropriate for pure collisional excitation
(Gaskell & Ferland 1984). More seriously, there are now a
number of objects known in which the intrinsic absorption
expected on the basis of the observed Balmer decrement
is inconsistent with constraints imposed by the X-ray data
(e.g. Ark 564, Brandt et al. 1994; MCG 6 30 15, Pineda
et al. 1980). Possible resolutions of this discrepancy are dis-
cussed in Brandt et al. (1994).
Absorption by cold material with greater than solar iron
abundance (model E) can reproduce the observed spectrum
due to the strong resultant iron L-edges below 1 keV. This
model requires iron to be enhanced by a factor of 154 rel-
ative to the light metals. Such an enhancement is consistent
with the strong iron K emission line of section 3.2.2 and is
discussed in detail in the next section.
Constraints on the warm absorber model (model F) of
Mrk 1040 can be derived by considering the UV line uxes
expected. The photoionization code cloudy (Ferland 1992)
has been used to examine the physical state of photoion-
ized material with the parameters given in Table 2. We nd
that the material would have a temperature of  40 000K
with C iv1549 and Ovi1035 emission being the domi-
nant cooling processes. Assuming the warm material to have
unit covering fraction, the corresponding line uxes would
be  110
 12
erg cm
 2
s
 1
and  410
 12
erg cm
 2
s
 1
re-
spectively. Examination of the IUE spectrum (Courvoisier &
Paltani 1992) of Mrk 1040 fails to show any such C iv1549
line (with an upper limit of 6  10
 15
erg cm
 2
s
 1

A
 1
).
However, there are several ways in which a null IUE de-
tection of this line can be made compatible with the pres-
ence of a warm absorber. First, if the warm absorbing ma-
terial resided within the broad line region (BLR), Doppler
broadening of these emission lines could prevent their de-
tection against the continuum source. Material velocities of
 5 000 kms
 1
or more would be required to render the
C iv line undetectable in the IUE observation. This is signif-
icantly greater than the FWHM of the observed optical/UV
broad lines ( 1 600 kms
 1
; Osterbrock & Shuder 1982).
Secondly, the warm material may contain dust (provided it
is suciently far from the continuum source to avoid photo-
destruction or melting). Ultra-violet extinction might then
suppress the observed line emission as well as explain the
high (broad-line) Balmer decrement. Thirdly, the covering
fraction of the warm material may be small thereby giving
the observed absorption features without much associated
emission. Lastly, the warm material may not be photoioniza-
tion dominated and/or be far from equilibrium (Reynolds &
Fabian 1995; Reynolds et al. 1995). This would drastically
alter the intrinsic emission line spectrum (Krolik & Kriss
1995).
3.3.2 Emission and absorption from iron
Section 3.2.2 examines the apparent spectral complexity be-
tween 6{7 keV and shows that it is well described by a broad
Gaussian emission line centered at 6.4 keV (in the rest frame
of Mrk 1040). This is interpreted as being the K uores-
cence line of iron in a low ionization state resulting from
the reection of primary X-rays from cold material. The
FWHM of the line is 16 000-70 000 kms
 1
thereby leading
us to conclude that the line photons originate near to the
central compact object (e.g. in an accretion disk). A slab of
cold material with solar abundances (as dened by Morri-
son & McCammon 1983) subtending 2 at the X-ray source
would give rise to a uorescence line with equivalent width
 150 eV (George & Fabian 1991). However, the observed
line has a much greater equivalent width (550  250 eV).
Here we investigate the aect of non-solar abundances on
the equivalent width of this line and the associated reection
continuum over a wider abundance range than that consid-
ered by George & Fabian (1991) and Matt, Perola & Piro
(1991).
We address this issue using a Monte Carlo simulation
of X-ray reection similar to that used by George & Fabian
(1991). Photons are randomly assigned an initial energy (ac-
cording to a power law spectrum with   = 1:9) and an
incident direction (corresponding to an isotropic source).
Photon paths are followed until they escape the slab (i.e.
are reected) or are absorbed. The model includes Comp-
ton scattering and the K-shell photoelectric absorption and
uorescence of C, O, Ne, Mg, Si, S, Ar, Ca, Cr, Fe and Ni.
Only K are considered with the exception of iron for which
K and K are included. Photoelectric cross sections are
taken from Verner et al. (1993), uorescent yield are from
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Figure 3. Equivalent width of the uorescent iron K line as a
function of the iron abundance. The solid line shows the case in
which all light elements are present with their solar abundances
(as dened by Morrison & McCammon 1983). The dotted and
dashed lines show the cases where the light elemental abundances
are doubled and halved respectively. The dot-dashed line shows
the corresponding result when all abundances are referred to the
cosmic values of Anders & Grevesse (1989), with the light metals
present at those cosmic abundances.
Bambynek et al. (1972) and line energies are from Zombeck
(1990). A semi-innite slab geometry is assumed.
The Monte Carlo simulation allows us to compute the
equivalent width of the iron K line as a function of iron
abundance. The results of such a computation are shown in
Fig. 3. We also investigate the eect of varying other ele-
mental abundances away from their solar values. Reducing
the abundances of the light metals (i.e. lighter than iron)
reduces the absorption of photons produced by iron uo-
rescence thereby increasing the equivalent width of the u-
orescence line (for a given iron abundance). The eect of
doubling/halving light metal abundances is shown in Fig. 3.
The present observations of Mrk 1040 give an equiva-
lent width of 550250 eV. Similar values have been found by
ASCA in some other Seyfert 1 galaxies. Using solar abun-
dances as dened by Morrison & McCammon (1983) and
postulating that all light metals are present with these abun-
dances, the observed equivalent width requires iron to be
over-abundant by more than a factor of three. This can be
reduced by postulating an under-abundance of the light met-
als. For example, halving the light metal abundance reduces
the required iron enhancement to a factor of 1.5. Alterna-
tively, using the more recent cosmic abundances of Anders
& Grevesse (1989) for all elements, the strength of the iron
line can be explained with only a small enhancement (factor
of 1.5) in the iron abundance. The corresponding curve is
also shown in Fig. 3. The values quoted here are lower lim-
its on the required iron abundance: the upper limit on the
Figure 4. Reected spectrum from a cold slab of material viewed
at an inclination of 20 degrees as computed using Monte Carlo
methods. The dashed line shows the incident power law contin-
uum with photon index   = 1:9. The lower solid line is the re-
ected spectrum expected from a cold slab of material with solar
abundances as dened by Morrison & McCammon and which
subtends 2 at the X-ray source. The upper solid line is the ob-
served spectrum in such a case (i.e. direct emission plus reected
emission). To demonstrate abundance eects on the reected con-
tinuum, the dotted lines represent the corresponding quantities
when the abundances are taken to be those of Anders & Grevesse
with a three-fold enhancement in the abundance of iron (giving
an iron uorescent line with an equivalent width of  400 eV). It
can be seen in the latter case how the reection continuum in the
ASCA band is suppressed.
equivalent width (800 eV) does not eectively constrain the
maximum allowed iron abundance due to saturation eects
(see Fig. 3).
As shown in George & Fabian (1991), increasing the iron
abundance causes more iron K-shell absorption of the reec-
tion continuum, which is therefore weakened considerably as
the abundance rises. This point is illustrated in Fig. 4. Thus
we can reconcile the presence of a strong iron uorescence
line with a weak associated reection continuum.
The above enhancements in iron abundance are con-
sistent with the iron over-abundance required by model E
above for the soft spectral complexity. Thus, a self-consistent
picture can be constructed (at least as far as the present X-
ray data is concerned) in which the iron uorescence line
originates from X-ray reection by rapidly moving cold ma-
terial (such as an accretion disk) and the soft spectral com-
plexity is the result of line-of-sight absorption by material
with the same (non-solar) abundances. However, models
for the soft complexity discussed in Section 3.3.1, together
with X-ray reection from an accretion disk with non-solar
abundances provide an equally acceptable description of the
present data.
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Figure 5. ASCA GIS2 (plain crosses) and GIS3 (crosses with
squares) spectra of MS 0225.5+3121. 1  errors are shown. Also
shown is a model consisting of a simple power law of photon
index   = 2:03 absorbed by the cold Galactic column density of
N
H
= 6:9  10
20
cm
 2
. The bottom panel shows the deviations
of the data from the model.
4 TEMPORAL AND SPECTRAL ANALYSIS
OF MS 0225.5+3121
4.1 Temporal analysis
Only GIS data were taken for MS 0225.5+3121 due to
the restricted eld of view of the SIS. The resulting GIS
lightcurves show no evidence for variability during the
12 hour period of the observation. However, the variability
would have to be extreme to be detected given the small
count rate for this source. Einstein found a 0.3{3.5 keV lu-
minosity of 2:1  10
43
erg s
 1
(Maccacaro et al. 1991). Ex-
trapolating the spectral models presented below to 0.3 keV,
the inferred 0.3{3.5 keV luminosity during the ASCA obser-
vation is comparable to the Einstein value (although accu-
rate comparison is not possible due to the uncertainties in
extrapolating the GIS spectra down to 0.3 keV). Thus, the
data are consistent with the source being constant between
the two observations as well as during each observation.
4.2 Spectral analysis
Spectral tting was performed using both GIS spectra simul-
taneously. A simple power law t modied by Galactic ab-
sorption (N
H
= 6:9 10
20
cm
 2
; Stark et al. 1992) provides
a good description of the data (
2
= 52 for 60 dof). The
best-tting photon index is   = 2:03
+0:11
 0:12
, compatible with
the canonical photon index of 1.9 from Nandra & Pounds
(1994). The t of this model to the data is shown in Fig. 5.
Allowing the cold absorbing column density to be a free pa-
rameter does not improve the t to the data (
2
< 1)
and allows an upper limit of N
H
= 1:9  10
21
cm
 2
to be
placed on any intrinsic absorption [Note that this is a weak
upper limit due to poor low-energy response of the GIS.]
There are insucient counts to usefully constrain any pos-
sible iron emission line at 6.4 keV: an upper limit (at 90 per
cent condence) of  1 keV to the equivalent width of any
such line can be set.
Examination of Fig. 5 reveals the presence of a possible
spectral feature at  1:3 keV (similar features at  1:9 keV
and  3:1 keV are below the spectral resolution of the GIS
and thus must be considered statistical). The addition of an
absorption edge gives a threshold energy of 1:26  0:14 keV
and an upper limit (at the 90 per cent condence level) to
the optical depth at threshold of 0.74. However, the F-test
reveals that the addition of such an edge is not statistically
signicant (giving only 
2
= 3 for two additional degrees
of freedom). Data containing more counts are required to
examine the reality of this feature.
5 SUMMARY
Temporal and spectral X-ray studies of Seyfert galaxies pro-
vide valuable clues as to the geometry and physical state of
the material in the central regions of AGN. The slope and
variability of the underlying power law has direct bearing on
the primary high energy emission mechanisms whereas devi-
ations from the power law (at least over the ASCA band of
0.4{10 keV) can be interpreted as being due to X-ray repro-
cessing by matter in the immediate vicinity of the central
engine. In an attempt to study such reprocessing, we present
ASCA observations of the Seyfert 1 galaxies Mrk 1040 and
MS 0225.5+3121. Neither object displayed variability dur-
ing the observation, although the ux from Mrk 1040 has
decreased by a factor of 4 since the EXOSAT observation
10 years ago.
Mrk 1040 shows spectral complexity both below 0.8 keV
and between 6{7 keV. The latter is readily interpreted as u-
orescent K line emission from iron in a low ionization state
(at an energy 6.4 keV in the rest frame). Such line emission
is expected when a strong X-ray ux illuminates cold ma-
terial, the so-called X-ray reection model. The data show
a broad line (with FWHM of 16 000{70 000 kms
 1
) thereby
suggesting the emission originates close to the compact ob-
ject (maybe in the form of an accretion disk). The large
equivalent width of the observed line (550250 eV) requires
us to postulate non-solar abundances. However, the equiv-
alent width of this line alone does not allow us to uniquely
specify the iron abundance since the abundance of the prin-
ciple absorbers (e.g. oxygen) can also have a large eect on
the observed iron line. The soft spectral complexity requires
either a strong soft excess together with a large intrinsic col-
umn of neutral absorbing gas, or a more complex absorber
(i.e. neutral gas which only partially covers the primary X-
ray source, neutral gas with highly non-solar abundances
or an ionized absorber). These possibilities are discussed in
Section 3.3.
Due to the restricted SIS eld of view, only GIS data
are available for MS 0225.5+3121. Consequently, an investi-
gation of any low energy (1 keV) spectral complexity is not
possible. The GIS data are well described by a simple power
law model with photon index   = 2:03
+0:11
 0:12
.
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